Background: Neutrophil/lymphocyte ratio (NLR) is a simple marker in peripheral blood and is
Introduction
The neuroendocrine system is activated during anesthesia and surgery resulting in release of neuroendocrine hormones and cytokines [1] [2] [3] . Systemic leukocytic alterations, including leukocytosis, neutrophilia, and lymphopenia, may occur in response to surgery by various hormones, cytokines, and acute -phase reactants; apoptosis of lymphocytes; or inhibition of apoptosis of neutrophils [4, 5] . During anesthesia and surgery there are changes in every stage of the immune system secondary to general physiological response, which are linked to the extent of surgery, age of the patient, general health, medications used and any blood transfusions performed. There are various tests for measuring neuroendocrine responses such as interleukin measurements (IL-6, TNF-α), cortisol levels, CRP, leptin levels, but the tests are expensive.
Neutrophil/lymphocyte ratio (NLR) is a simple and inexpensive marker for inflammatory response and provides relationship between inflammatory environment and physiological stress [6] . NLR has been found to be a simple predictor for outcomes in patients with cancers and also in patients with stable coronary artery disease [7, 8] . NLR is not only affected by surgical trauma but also by anesthetic method [6, 9] and normal value is found to vary in different populations viz 1.65 ± 0.79 -2.8 ± 1.6 [10, 11] . The effect of neuroendocrine changes induced by anesthetic techniques could influence NLR, but the effect remains largely unknown. Very few studies have been done to evaluate the effect of general anesthesia and spinal anesthesia on NLR. Therefore this study was conducted to evaluate effect of anesthetic techniques on leukocytic alterations.
Materials and Methods
This article is protected by copyright of Korean Journal of Anesthesiology. All rights reserved. Patients with ongoing acute infections, morbid obesity, chronic use of steroids or immunosuppressant or recent chemotherapy, history of endocrine disease, electrolyte abnormalities, hepatic and renal dysfunction, chronic alcohol abuse and surgeries lasting for more than 90 min were excluded from the study. Patients were randomly allocated to one of the two groups using numbers generated from www.random.org.
Group G -received general anesthesia for infraumbilical surgery whereas Group S -received spinal anesthesia for infraumbilical surgery.
Allocation concealment was ensured using sequentially numbered sealed envelopes, which was opened after shifting patient on operation table.
All patients were assessed preoperatively and informed thoroughly about both the techniques of anesthesia, their risks and benefits. Patients were kept fasting for 8 hours before surgery.
Alprazolam 0.5 mg and Ranitidine 150 mg was given orally the previous night of surgery. Preoperative haemoglobin, total count, differential count and NLR were calculated apart from other investigations as required. On the day of surgery, intravenous (IV) access was established and an IV infusion of Ringer lactate was started. Once the envelope was opened, patients were informed about the technique they were about to receive and they were given choice to opt out of the study if they were not happy with the technique of anesthesia and routine standard of care was followed.
In group G, monitoring included electrocardiography (ECG), peripheral oxygen saturation (SpO 2 ), surgery. Neutrophil and lymphocyte counts were derived from differential percentages of leukocytes measured by automatic cell counters. The calculation of NLR was entrusted to one of the anesthesiologists who were blinded to the group.
The sample size was calculated based on a previous study [14] , we hypothesized that NLR would be lower in patients receiving spinal anesthesia compared to general anesthesia. Keeping two tailed type I (α) error at 0.05, atleast 36 patients in each group would be required to detect a minimum difference of 1 in NLR between the two groups, at a power of 80%, assuming a standard deviation of 1.5 and NLR under General anesthesia to be 10 (based on previous study). We enrolled 40 patients in each group to compensate for drop outs.
Data entered into Microsoft excel data sheet and was analyzed using SPSS 22 version software. 
Results
Eighty patients were considered for analysis as shown in CONSORT (Fig. 1 ). There were no drop outs. Demographic characteristics, duration of surgery and the type of surgeries in both groups were comparable. The maximum level of sensory block attained in Group S was between T6 and T8 in most of the patients (T4 in 7 patients, T6 in 17 patients, T8 in 12 patients and T10 in 4 patients).
Baseline total leukocyte count (TLC) was comparable in both the groups and increased post operatively in both groups. Intergroup comparison showed significantly higher TLC in group G This article is protected by copyright of Korean Journal of Anesthesiology. All rights reserved.
compared to group S at 2 hours, but not at 24 hours ( Table 2 ). The median (IQR-interquartile range) increase in TLC in group G was 600 (300-3325) cells/cu mm (P = 0.001) and 1100 (600-2875) cells/cu mm (P = 0.001) respectively at 2 and 24 hours respectively from baseline values, which was clinically and statistically significant. In group S, the median (IQR-interquartile range) increase in TLC was 300 (100-625) cells/cu mm (P = 0.68) at 2 hours and 535 (200-1250) cells/cu mm (P = 0.07) at 24 hours respectively from baseline, which was clinically and statistically not significant.
The magnitude of change in TLC was significantly higher in Group G compared to group S at 2 hours (P = 0.002) ( Fig. 2A ) and 24 hours (P = 0.002) (Fig. 2B ).
The baseline NLR was comparable in both the groups and increased in both the groups post operatively. The NLR was significantly higher in group G compared to group S at 2 hours and 24 hours respectively ( Table 2 ). The median [IQR] increase in NLR from baseline was 5 (2.73-7.16) (P < 0.001) at 2 hours and 4 (2.59-6.05) (P < 0.001) at 24 hours respectively in group G, which was clinically and statistically significant. The median [IQR] increase in NLR from baseline was 1 (0.24 -0.94) (P < 0.001) at 2 hours and 0 (0.13-1.01) (P = 0.002) at 24 hours respectively, which was clinically not significant. The magnitude of change in NLR was significantly higher in Group G compared to group S at 2 hours (P < 0.001) (Fig. 3A ) and 24 hours (P < 0.001) (Fig. 3B ).
There was no significant change in Haemoglobin concentration in preoperative and postoperative period in both the groups (Fig. 4) . The median (IQR) change in haemoglobin was 0.4% (0.2-0.625) (P = 0.001) at 2 hours and 0.45% (0.2-1.0) (P < 0.001) at 24 hours respectively in group G, where as in group S it was 0.2% (0.1%-0.85%) (P < 0.001) at 2 hours and 0.3% (0.2%-0.85%) (P < 0.001) at 24 hours respectively, which showed statistical significance but were not clinically significant.
Intergroup comparison of magnitude of change in haemoglobin concentration did not show significant difference (at 2 hours P = 0.37, at 24 hours P = 0.36).
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There was no significant difference in the heart rate and mean arterial pressure in between the two groups ( Figs. 5A and 5B).
The mean volume of intravenous fluids administered was 940 ± 241.57 ml in group G and 1042.5 ± 227.45 ml in group S (p -0.054).
Discussion
In the present study it was observed that spinal anesthesia was associated with significantly lower NLR ratios compared to general anesthesia and also the rise in total leucocyte count was lesser with spinal anesthesia compared to general anesthesia. Studies on stress caused by surgical trauma have reported a suppression of cellular resistance and susceptibility to inflammation. In addition the increase in postoperative leukocyte values and reduction in lymphocyte values increase the tendency for infection [12] . These leukocyte changes have been proposed to cause inflammatory cytokines similar to IL-6. Studies have shown that TLC and changes in leukocyte subtypes are important markers for morbidity and mortality in cancer patients, renal failure patients and cardiovascular patients [5, 13, 14] .
Volatile agents have been found to modulate both proinflammatory and anti inflammatory mediators, thereby resulting in lower lymphocyte counts [15, 16] . The decreased neuroendocrine response to surgery with regional anesthesia [17] may explain the lesser increase in TLC and NLR in patients receiving spinal anesthesia.
Erbaş et al. [18] evaluated in a retrospective study, the relationship between blood Neutrophil /lymphocyte ratio and anesthetic techniques in patients undergoing caesarean section and concluded that postoperative neutrophil to lymphocyte ratio in patients undergoing caesarean section under spinal anesthesia was found to be significantly lower as compared to general anesthesia, but there are no studies reporting the effect of anesthetic technique on NLR ratio in patients undergoing non obstetric surgeries, till date, to the best of our knowledge. The observations of our study were This article is protected by copyright of Korean Journal of Anesthesiology. All rights reserved. similar to that of Erbaş et al. TLC and NLR were significantly lower in Group S compared to Group G postoperatively. Another study found no increase in WBC following spinal anesthesia compared to General anesthesia [19] . In present study, though the increase in TLC was significant in general anesthesia compared to spinal anesthesia, the margin may not be high.
In a study investigating effect of two general anesthetic techniques on leukocytic alterations including neutrophil-to-lymphocyte (N/L) ratio, after gynecologic laparoscopy. Significant increase in total leukocytic count, neutrophil count, and decrease in lymphocytic count were observed at all time points after surgery in patients who received total intravenous anesthesia and in patients which received inhalational anesthesia. N/L ratio was significantly lower in total intravenous anesthesia group compared to inhalational anesthesia group [20] .
A study assessing the correlation between NLR and post-operative complications after major abdominal surgeries found that NLR at day 7 correlated better with incidence of post-operative complications compared to other parameters including C reactive protein. The cut off for predicting post-operative complications was found to be 5.5 [21] . Where as another study found a preoperative NLR value of 2.3 or more to be associated with major postoperative complications in patients undergoing colorectal surgeries [22] . The baseline NLR in the present study was little higher than these values, which may be attributed to probable preoperative stress as the baseline samples were taken on the previous day of surgery before premedication. The type of anesthesia may have indirect effect on post-operative complications by influencing the NLR and hence appropriate choice of anesthesia may influence outcomes. However, a study assessing the effect of general and spinal anesthesia on stress response to hemorrhoidectomy found no significant difference related to the effects of general and spinal anesthesia except for increase in leptin levels [23] . This could be attributed to the magnitude of surgery. 8 patients included in the study had undergone open interval appendicectomy, they were included in the study as they were symptom This article is protected by copyright of Korean Journal of Anesthesiology. All rights reserved.
free (history of acute appendicitis 6 months back, managed conservatively) and had no features suggestive of acute infection at the time of surgery. The amount of intravenous fluids received by patients in spinal anesthesia group was marginally higher than in general anesthesia group.
However, this might not have had significant diluent effect on cell counts.
There are limitations of the present study. Patients were not followed up beyond 24 hours to observe for wound site/ other infections, as the post operative management was entirely based on surgical team protocol over which we did not have any control and hence the relationship between NLR ratio and incidence of post-operative infections and post-operative outcome could not be established. However, a retrospective analysis of records found 1 patient in general anesthesia group with urinary tract infection on post operative day 3, which improved with antibiotic treatment, and there was no delay in discharge from hospital. Other tests which could correlate with neuroendocrine response could not be done. Further studies are required to see if combination of a regional technique along with general anesthesia could influence the post-operative outcome by its effect on NLR, compared to general anesthesia alone.
In conclusion, spinal anesthesia is associated with significantly lesser variations in neutrophil to lymphocyte ratio and total leucocyte count compared to general anesthesia. Incisional hernia 10 4
Umbilical hernia 12 7 Open interval appendicectomy 4 4
Gynaecological surgeries 4 4 Values are expressed as mean ± SD or number of patients.
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